Using the OMNI data for period 1976-2000 we investigate the temporal profiles of 20 plasma and field parameters in the disturbed large-scale types of solar wind (SW): CIR, ICME (both MC and Ejecta) and Sheath as well as the interplanetary shock (IS). To take into account the different durations of SW types we use the double superposed epoch analysis (DSEA) method:
Introduction
Studying the large-scale structure of the solar wind (SW) plays the key role in the space weather investigations. As well known the main source of magnetospheric disturbances including the magnetic storms is the southward component B z of interplanetary magnetic field (IMF) [Dungey, 1961; Fairfield and Cahill , 1966; Rostoker and Falthammar , 1967; Russell et al., 1974; Burton et al., 1975; Akasofu, 1981] . In the steady types of the SW streams the IMF lies near the ecliptic plane and these types are not geoeffective. Only disturbed types of SW streams can contain the IMF component perpendicular to the ecliptic plane and in particular the southward IMF component. Such disturbed types are the following SW streams: interplanetary manifestation of coronal mass ejection (ICME) including magnetic cloud (MC) and Ejecta, Sheath -compression region before ICME, and corotating interaction region (CIR) -compression region before high-speed stream (HSS) of solar wind (see reviews and recent papers by Gonzalez et al. [1999] ; Huttunen and Koskinen [2004] ; Yermolaev [2006, 2010] ; Zhang et al. [2007] ; Yermolaev et al. [2012] ; Hietala et al. [2014] ; Cid et al. [2014] ; Katus et al. [2015] and references therein). In the mentioned above works the SW types are considered as sources of magnetospheric disturbance, i.e. the selection of SW events is carried out in connection with magnetospheric activity. There is only a small number of articles in which authors investigate the disturbed types of SW streams without their relation with the magnetospheric activity (see, e.g. papers by Zurbuchen and Richardson [2006] et al. [2014] ) the durations of all intervals are made equal by artificial change of distance between points. We use the "double" (with two reference times) SEA method ), that is, we re-scale the duration of the interval of all SW types in
such a manner that, respectively, beginning and end for all intervals of selected SW type coincide.
In the present paper we analyze the full set of disturbed SW types using one method. The organization of the paper is as follows: Section 2 describes data and method. In Section 3, we present results on dynamics of parameters in various SW types. Section 4 summarizes the results.
Methods
We use the 1-h interplanetary plasma and magnetic field data of OMNI database [King and Papitashvili , 2004] as a basis for our investigations. We made our own data archive including OMNI data and calculated (using OMNI data) additional parameters including thermal and dynamic pressures, plasma β− parameters (ratio of thermal and magnetic field pressures), ratio of measured temperature and temperature estimated on the basis of average velocity-temperature relation and others. Using threshold criteria for key parameters of SW and IMF (velocity, temperature, density, ratio of thermal to magnetic pressure, magnitude and orientation of magnetic field, etc.), we defined cor- ies, we used a general set of threshold criteria for all SW types and made the identification for each 1-h point.
As we noted in Introduction, the purpose of our work is the analysis of dynamics of parameters in the non-stationary disturbed types of the solar wind. Therefore here we analyze only 4 types of the solar wind: CIR, Sheath, MC and Ejecta. We selected only such events for which the SW type and the edges of an interval of the type could be defined on the basis of measurements (measurements of some parameters on this interval could be absent). Such events was 695 for Ejecta, 451 for CIR, 402 for Sheath, and 60
for MC. Because of further selection on adjacent SW types the subsets of events have lower statistics, the smallest statistics (9 events) was for MC without Sheath and IS (see Parameters for undisturbed SW intervals (before and after disturbed types) are calculated using the standard (without re-scaling duration) SEA method on 6 points with reference points on the edges of corresponding disturbed types of stream. Thus, though the method used by us is similar to the former DSEA (double superposed epoch analysis)
method , this method is more developed and can be called as
Multiple superposed epoch analysis (MSEA) method.
Results
Results are presented in figures 1-8 which have similar structure and show the following parameters:
a) the ratio of thermal and magnetic pressures (β− parameter), the thermal pressure i) the ion density N, the K p index increased by coefficient 10; j) the solar-wind bulk velocity V , the AE index.
Below we discuss the dynamics of these parameters for various consequences of solar wind types. 1. the density, the thermal and dynamic pressures, the magnitude of magnetic field are higher for CIR with IS, 2. the magnetospheric activity on basis of all indexes is higher for CIR with IS.
CIR and IS/CIR phenomena
It should be noted that the higher variability of several parameters for CIR with IS may be connected with lower statistics of events relative to CIR without IS. 1. MC has higher magnitude of magnetic field and Alfven speed than Ejecta, 2. during MC the magnetic activity is higher than during Ejecta.
Ejecta, Sheath/Ejecta and IS/Sheath/Ejecta phenomena
Dynamics of Sheath before MC is close to dynamics of Sheath before Ejecta.
1. Sheath before MC has higher magnitude of magnetic field than before Ejecta, 2. the magnitude of magnetic field is lower in Sheath before MC than in MC while the magnitude of magnetic field is higher in Sheath before Ejecta than in Ejecta, 3. during Sheath before MC the magnetic activity is higher than during Sheath before 
Discussion and Conclusions
First of all it should be noted that in most cases the components of the magnetic and electric fields are close to zero while the magnetospheric activity is noticeable. It can be explained by two facts. First, the components in each point can be random, and their averaging results in values close to zero. Second, the magnetospheric activity is not linear function of the components (for example, as showed in our recent empirical works [Nikolaeva et al., 2013 , Dst and Dst Obtained results on average values and temporal profiles of parameters in ICME (both Ejecta and MC) are in good agreement with earlier published results Richardson and Cane, 2012; Mitsakou and Moussas, 2014] . In addition to previous data we consider separately ICME with Sheath and IS, and ICME without them. Our results show that the formations of Sheath and then IS before ICME are and then IS before ICME increase the magnitude and components of IMF and therefore increase the magnetospheric activity.
In contrast with the CIR and ICME types, the Sheath type is investigated rather poorly, and our analysis, apparently, is the first analysis of this sort. The main conclusion is that the convincing evidence is obtained that the behavior of parameters in Sheath and in CIR are very similar not only qualitatively (on the temporary profiles), but also quantitatively.
The indication in favor of a hypothesis are obtained that the speed angle φ in ICME changes from 2 to -2 degrees while it in CIR and Sheath changes from -2 to 2 degrees, i.e.
the streams in CIR/Sheath and ICME deviate in the opposite side. It can be explained by the interaction of fast ICME with slow plasma in Sheath.
We consider that the results presented here are only the initial stage of researches:
in the subsequent works we plan to describe in detail some interesting facts which are described only briefly here, and also to compare the full set of events to events which were geoeffective.
